INTRODUCTION
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and is associated with an increased risk of mortality, heart failure, and thromboembolic events [1] [2] [3] . Warfarin reduces the risk of stroke in moderate to high-risk AF patients [4] . Novel oral anticoagulants (NOACs) have been approved for prevention of stroke and systemic embolism in patients with non-valvular AF (NVAF) [5] [6] [7] [8] .
Prevention of AF recurrence by radiofrequency ablation (RFA) is a well accepted therapeutic strategy in patients with symptomatic AF [9] . Given the increasing use of NOACs for stroke prevention in AF over the past few years, a large number of patients are already on NOACs when they present for AF ablation [10] . Few studies reported pooled data of safety and efficacy of NOACs as periprocedural anticoagulants for AF ablation [11] [12] [13] . To our knowledge, there is no pooled analysis addressing the risk of cerebral microthromboembolism with these procedures.
We performed a meta-analysis of trials comparing the safety and efficacy of NOACs with warfarin in patients undergoing AF ablation.
METHODS
We conducted a systematic review of published literature comparing NOACs with warfarin for AF ablation during the periprocedural period using Meta-Analysis of Observational Studies in Epidemiology (MOOSE) guidelines [14] . We searched PubMed, the Cochrane library and
Embase for studies comparing NOACs (dabigatran, apixaban, and rivaroxaban) with warfarin as periprocedural anticoagulants for RFA. The searches were extended from January 2009 to May 2014.
We used search terms ''dabigatran'' AND ''ablation'', ''rivaroxaban'' AND ''ablation'', ''apixaban'' AND ''ablation''. Meeting abstracts were searched in Embase. In the Cochrane database, search terms were limited by the term clinical trial. Limiting the search parameters to the English language was applied subsequently.
Citations were screened at the title and abstract level and retrieved if they were either presented at conference or published as full reports, compared NOACs with warfarin, and provided information on the outcomes. The full texts of all potential articles were reviewed in detail. The bibliography of retained studies was used to seek additional relevant studies. All observational studies without a control group, case reports, editorials, pilot series, and reviews were excluded.
Inclusion Criteria
We included only studies that involved adult patients undergoing RFA alone and compared the outcomes with periprocedural anticoagulation with warfarin therapy (with or without heparin bridging) and NOACs. When two similar studies were reported from the same institution or author, the most recent publication was included in the analysis.
Inclusion was not limited to prospective studies but was extended to all observational studies including retrospective studies.
Exclusion Criteria
We excluded studies if outcomes of interest were not clearly reported or were impossible to extract or calculate from the published results.
Data Extraction
Data from included studies was extracted onto a pre-formed data extraction paper by two 
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RESULTS
Using the search key words, we identified 637 papers, of which 29 studies (dabigatran 23, rivaroxaban 6) were selected for the meta-analysis . One study which compared NOACs with warfarin for both cardioversion and AF ablation was not included in the pooled analysis [42] . All studies included in the analysis were published between 2011 and 2014 ( Fig. 1 ). Pooled analysis included 7671 patients, of whom 3220
(dabigatran 2629, rivaroxaban 591) were on NOACs and 4451 were on warfarin. The study characteristics and overall patient demographics are presented in Table 1 .
Composite Endpoint
There was no significant heterogeneity among studies when assessed by v 2 and I 2 tests (v 2 = 11.91; P = 0.94; I 2 = 0%; Fig. 2 Subgroup analysis of studies comparing dabigatran with warfarin for AF ablation showed that dabigatran increased the risk of the composite endpoint (OR: 2.01, 95% CI: 1.19-3.39, P = 0.009). Conversely, there was no difference in incidence of the composite endpoints between rivaroxaban and warfarin Studies assessed qualitaƟve synthesis (n = 29)
Studies included in quanƟtaƟve synthesis (meta-analysis) (n = 29)
Records idenƟfied using "rivaroxaban" AND "ablaƟon" (n = 176)
Records idenƟfied "apixaban" AND "ablaƟon" (n = 128) Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow sheet Current American Heart Association (AHA)/ American College of Cardiology (ACC)/Heart Rhythm Society (HRS) guidelines recommend anticoagulation in patients with AF with high risk for thromboembolic events identified by the CHA2DS2-VASc score [43] . Recent meta-analyses presented mixed data regarding periprocedural anticoagulation for AF ablation [11] [12] [13] 44] . Our study suggests dabigatran therapy for AF ablation may be associated with increased thromboembolic risk. Shurrab et al. [12] and Bin Abdulhak et al. [44] reported no significant difference in thromboembolic events between dabigatran and warfarin therapy. Sardar et al. [11] and Steinberg et al. [13] observed that periprocedural dabigatran use may be associated with increased risk of neurological events. In these meta-analyses, silent cerebral lesions on MRI were not included as one of the primary outcomes. Our study is the first pooled analysis to include and evaluate the incidence of silent cerebral lesions on MRI. Gaita et al. [45] reported an incidence of cerebral microthromboembolism of 14% with warfarin therapy for AF ablation and increased risk of cerebrovascular events was related to use of cardioversion. Our pooled analysis included silent cerebral lesions on MRI as one of the primary outcomes and it revealed that dabigatran therapy is potentially associated with a higher risk of silent cerebral lesions on MRI. Exclusion sensitivity analysis after omitting studies reporting silent cerebral lesions on MRI did not show any significant difference in thromboembolic events between dabigatran and warfarin therapy for AF ablation. Ueno et al. [46] showed that during AF ablation, pro-thrombotic factors are activated more with dabigatran than warfarin.
Ichiki et al. [21] observed an increased risk of asymptomatic cerebral thromboembolic events with dabigatran therapy for AF ablation.
Conversely, Kaseno et al. [24] reported similar cerebral microthromboembolism with dabigatran. Our analysis did not show any difference in the composite endpoints between rivaroxaban and warfarin therapy for AF ablation. This analysis may be limited by small sample size of the rivaroxaban subgroup (548 vs. 2451 in the dabigatran subgroup).
Silent cerebral infarcts may be associated with neurocognitive impairment and/or gait abnormality [47] . A recent retrospective study evaluating the incidence of silent cerebral lesions with different NOACs including edoxaban suggested an increased risk of silent cerebral lesions with dabigatran [48] . This is consistent with the findings of our study, which showed potentially higher risk of silent cerebral lesions with dabigatran. The majority (91.8%) of the cerebral lesions noted on initial MRI were not seen on following MRI suggesting that only a few lesions develop into chronic cerebral lesions [48] . This study was limited by the retrospective and non-randomized nature of the study. Prospective randomized clinical studies are needed to evaluate the incidence of cerebral microthromboembolism with NOACs and to determine clinical characteristics which increase the likelihood of cerebral microthromboembolism.
Our study is consistent with other meta-analyses which revealed NOACs are associated with similar bleeding risk when compared to warfarin [11] [12] [13] 44] . Subgroup analysis based on type of anticoagulant did not show any difference between the NOACs.
Limitations
The studies included in the meta-analysis had differences in their study protocol. We could not study the risk of thromboembolic and bleeding events based on the dose of NOACs 
